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Abstract
The results of studies of photoelectric injection enhancement of the Al–Al2O3–pCdTe –Mo structure upon application of low bias voltages. It has been shown that
the studied Al-Al2O3–p-CdTe-Mo structure under can be represented as a n+-p-Rом
structure with a long base. Conducted researches show that Al-Al2O3–p-CdTe-Mo
structure has unique properties. It has very high photocurrent and photosensitivity
at both direct and reverse dias voltage under even small bias voltage (up to
500mV).
Keywords: MOS structure, film, injection photodetector, photocurrent, spectral
sensitivity
PACS 72.10.-d, 73.61.Ga, 73.40.Sx
1. Introduction
In [1-4], detector structures with Schottky barrier made on the basis of
various materials were investigated, but in these structures the base has always
been monocrystal. However, as shown in [5], large-block polycrystalline CdTe
films with a columnar structure of grains (crystallites) can be used as the base
material. On the basis of such films of cadmium telluride, we were the first to
obtain an injection photodetector [6]. The creation of injection photodetectors
based on A2B6 seems to be an urgent and promising task, since these materials
have a band gap corresponding to the full spectrum of visible and partially
ultraviolet light, they are characterized by direct optical transitions, which makes it
possible to obtain a high efficiency of generation of electron-hole pairs. Hence, the

aim of this work is to study the processes of injection amplification in the Al-Al2O3
– p-CdTe-Mo structure, created on the basis of one of the semiconductors of the
A2B6 type — cadmium telluride.
2. Samples and measurement procedure
To solve this problem, we obtained p-CdTe film structures with a columnar
structure of grains on a Mo substrate by sublimation in a hydrogen flow. It should
be noted that when using hydrogen as a carrier gas, the transport of the vaporized
substance is carried out at relatively lower temperatures than in the case of other
inert gas compositions. In the synthesis of CdTe films in a flow of hydrogen H 2,
the determining factor affecting their growth rate is the degree of excess of the
metal components of cadmium vapor in the stoichiometric composition. This is
explained by the fact that the components of Cd atoms are more volatile relative to
Te atoms in CdTe vapor and is confirmed by the results of studies of the
microstructure of the surface of the Al-p-CdTe-Mo structure on the surface of the
CdTe film, as well as on the surface of aluminum. The elemental composition of
the structure was studied using a Jeol JXA-8900R electron microprobe analyzer
and a LINK ISIS energy dispersive spectrometer (EDS) (Japan). It was revealed
that the atomic ratio of the components in the CdTe film is Cd/Te=0.986≈1, which
corresponds to the weak p-type conductivity of CdTe. Microcrystals of CdTe films
grown at a substrate temperature TS = 670oС are high-resistivity (ρ = 109÷1011
Ω∙сm) and have a mixed - hexagonal and cubic structure. They have a columnar
grain structure in the direction of growth and were practically a single crystal. The
cross-sectional grain sizes range from 100 to 150 μm. The thickness of the p-CdTe
films was initially 40-50 μm, so that the grains penetrate the entire thickness of the
film. The films obtained by grinding and polishing were brought to the required
thickness (8 -10 µm), since at base thicknesses d ≤ 5 µm, the Al-p-CdTe-Mo diode
structure sharply loses its rectifying properties. For example, the rectification
coefficient, defined as the ratio of forward and reverse current at a fixed voltage (5
V), with a base thickness d = 8-10 µm is four to five orders of magnitude, and at d
≈ 5 µm it is only two orders of magnitude at the same value bias voltage. This is

explained by the fact that the number of structural defects, including various
complexes and inclusions in the growing film at a distance of ~ 5 µm from the
molybdenum substrate begins to increase sharply. The base thickness of the
structure under investigation is d ≈ 10 µm. MOS structures were created on the
surface of the films obtained by sputtering aluminum (Al) in vacuum (~ 10 -5 Torr)
[7]. In this case, the frontal aluminum contact had a thickness of ~ 40÷50 nm and
an area of S≈1 cm2. Here, the role of the rear electrical contact is played by the Mo
substrate. The performed X-ray structural analysis showed [8, 9] that a thin oxide
layer of Al2O3 with a thickness of ~ 30 nm is formed in the performed
technological process. This layer plays a very important role in the operation of the
resulting structure; it is thanks to it that not a simple metal-semiconductor structure
is obtained, but a MOS structure, i.e. Al-Al2O3-p-CdTe-Mo (Al metal, Al2O3
oxide, CdTe semiconductor). It is well-known from literature, that Al2O3 is nsemiconductors. Thus, the obtained Al-Al2O3-p-CdTe-Mo– structure can be
represented as Rom–n+-p-Rom– a structure with a long p-base, the diagram of which
is shown in Fig. 1.

Fig. 1. Scheme of Al-Al2O3-p-CdTe-Mo - structures.
3. Experimental results
The spectral dependence of the photocurrent Iph(λ) of the Al–n-Al2O3–pCdTe–Mo structure in the absence of a bias voltage in relative units is shown in
Fig. 3a. It can be seen from the figure that the curve of the spectral dependence of
the photocurrent Iph(λ) lies in the range wavelengths 400 ÷ 1000 nm. The
dependence of the photocurrent Iph(λ) from the wavelength λ≈400 nm begins to
grow slowly to λ≈500 nm, and at λ≈430 nm a small jump is observed, and then at

λ≈470 nm there is a slowdown. Further, in the wavelength range of 500–700 nm,
the photocurrent increases faster than in the first region. The Iph(λ) dependence has
a peak at a wavelength of λ≈750 nm. Further, in the wavelength range of 750 ÷ 860
nm, the photocurrent value decreases with an increase in λ, and in the 860 ÷ 878
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Fig. 2. Spectral dependence of (a) photocurrent and (b) photosensitivity of the Al–
n+-Al2O3–p-CdTe–n-MoO3–Mo structure (curve 2) and an ideal photodetector-IP
(curve 1) in the absence of bias voltage.
decrease increases. Then the dependence Iph(λ) begins to decrease slowly with an
increase in λ and at λ≈1000 nm reaches its minimum value.
In order to determine the efficiency of photon detection by the structure
under study, in [10], we investigated the spectral sensitivity (Sλ) of the structure in
the absence of bias, and also calculated Sλ for an ideal photodetector (IP) in the
spectral wavelength range of 400–1000 nm. The spectral photosensitivity of the
structure was measured on a 3MP-3 monochromator at room temperature (300 K),
the radiation power was calibrated in absolute units using a thermoelement with a
quartz window of the PHT-10 type.
We compare obtained data with results for ideal photodetector. An ideal
photodetector means a photodetector in which all incident photons are absorbed
and generate electron-hole pairs, which are separated without loss by a potential
barrier and contribute to the photocurrent. Parameter Sλid. for an ideal photodetector
was calculated by the formula (e/hν)ληλ(1-R), ηλ–is the internal quantum

efficiency, R is the reflection coefficient. In the calculation, the following values
were taken: ηλ = 1, R = 0. It was shown that the structure under study operates as
an injection photodetector and enhances the primary photocurrent even in the
absence of an external bias voltage. It was found that at λ=450 nm, the spectral
sensitivity Sλ≈0.93 A/W, which is 2.3 times greater than Sλid. ideal photodetector at
a given wavelength, and at λ=750 nm Sλ≈1.1 A/W.
As is known, injection photodetectors have two amplification mechanisms:
positive feedback (PF) (11, 13] and parametric amplification (PA) [11, 12].
However, the results of the study on the spectral dependence of the photocurrentIph and spectral sensitivity-Sλ do not allow one to say unambiguously which of the
mechanisms of the primary photocurrent amplification takes place in the samples
under study. This question is answered by studying the Iph(λ) and Sλ(λ)
dependences when the bias voltage is applied to the structure. Therefore, the
dependences Iph(λ), Sλ(λ) were investigated when the bias voltage was applied to
the structure both in the forward (Fig. 3) and reverse (Fig. 4) directions of the
current.
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Fig. 3. The spectral dependence of the photocurrent-Iph (a) and the spectral
sensitivity-Sλ (b) of the Al–Al2O3–p-CdTe–Mo structure at various bias voltages :
at the forward direction of the current. a) 1.-10, 2.-60, 3.-150, 4.-200, 5.-300, 6.400, 7.- 500 mV; b) 1.-IF, 2.-10, 3.-60, 4.-500 mV and an ideal photodetector (IF,
kr.1) at the absence of bias voltage.
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Fig. 4. Spectral dependence of photocurrent-Iph (a) and spectral sensitivity-Sλ (b) of
the Al – Al2O3 – p-CdTe – Mo structure at reverse bias voltages: a) 1.-10, 2.-20,
3.-40, 4 .-60, 5.-80; b) 1.-IF, 2.-60, 3.-80, 4.-150, 5.-300, 6.-500 mV and an ideal
photodetector (IF, kr.1) at the absence of bias voltage.
4. Discussion
First, let us analyze the dependence Iph(λ) when applying low bias voltages
of various magnitudes in the forward direction of the current when a negative
potential is applied to the Al- contact (see Fig. 3a). As seen from Fig. 3a, the value
of the photocurrent increases with an increase in the bias voltage in the entire
spectral sensitivity range of the structure, and the current increases faster in the
short-wavelength and long-wavelength regions of the spectral range as compared
to the medium wavelength. For example, Iph=3.2∙10-6A/cm2 at λ=400 nm in the
absence of a bias voltage, and when 500 mV is applied, its value increases 18
times, in the spectrum range λ=600–700 nm, the current increases 9 times, and at
λ=1000 nm, the current increases 207 times. It should be noted that the greatest
increase in the photocurrent is observed in the long-wavelength region of the
spectral range.
Analysis of the Sλ(λ) dependence shows that its dynamics of spectral
sensitivity change is the same as for the Iph(λ) dependence, therefore, the degree of
increase in Sλ is the same as for Iph at the same bias voltage and wavelength of
light radiation (see. fig.3a and b). This is not surprising, since when the bias
voltages are applied, only the photocurrent increases, while the incident radiation
power remains constant. Therefore, the same degree of growth is observed in the

values of Iph, Sλ. A more intense increase in the values of Iph and Sλ is observed in
the short-wavelength and long-wavelength regions of the photosensitivity
spectrum, as compared to the mid-wavelength region of the spectrum of 450–750
nm.
Let us now discuss the data on the spectral dependence of the photocurrent
obtained when low reverse bias voltages of various magnitudes are applied to the
structure (Fig. 4). From
these figures it follows that the photocurrent when low reverse bias voltages (V ≥
10 mV) are applied has the opposite direction to the photocurrent obtained Iph in
the absence of bias voltage (ie negative sign) in the entire spectral range of
photosensitivity (400–1000 nm). In this case, the shape of the Iph(λ), Sλ(λ)
dependences is the same as at V=0 mV. With an increase in the bias voltage, the
absolute value of the photocurrent decreases, and gradually its values in the shortwavelength part of the spectrum acquire a positive value. At V=60 mV, the
photocurrent, crossing the abscissa at λ=440 nm, acquires a positive value equal to
3.4 µA/cm2 (Sλ=0.07 A/W). With a further increase in Vcm, the photocurrent
inversion point shifts toward longer waves, while the positive Iph value increases
and its spectral range expands. For example, the photocurrent inversion point shifts
by 110 nm from λ=440 nm to λ=550 nm when the bias voltage changes from
Vcm=60 mV to Vcm=120 mV. At a bias voltage Vcm=150 mV, the photocurrent is
completely positive in the entire spectral range of photosensitivity. It should be
noted that when Vcm=80 mV is applied, the value of photosensitivity becomes
greater than Sλ of an ideal photodetector in the spectral range of 430–500 nm.
Moreover, with a further increase in the value of the applied bias voltage, the
region of the spectrum, where Sλ>Sid, expands. For example, at Vcm=500 mV, it
covers the spectrum range of 430–740 nm.
5. Conclusion
As noted above, two mechanisms of injection amplification are possible positive feedback and parametric amplification, when not only the concentration of
charge carriers in the bulk of the high-resistance semiconductor increases, but also

the parameters, in particular the lifetime, change. The structure under study has a
highly resistive, strongly compensated base, which means that the nature of
impurity centers and the capture of carriers on them can play a significant role in
all current amplification processes; therefore, the final elucidation of the physical
mechanism of injection amplification processes in this structure requires further
research at higher current densities.
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